Many studies have pointed out that the underlying relations and functions for the monetary model (e.g. the PPP relation, the money demand function, monetary policy rule, etc.) have undergone parameter instabilities and that the relation between exchange rates and macro fundamentals are unstable due to the shift in the economic models in foreign exchange traders' views or the scapegoat effect in Bacchetta and van . Facing this, we consider a monetary model with time-varying cointegration coefficients in order to understand exchange rate movements. We provide statistical evidence against the standard monetary model with constant cointegration coefficients but find favorable evidence for the time-varying cointegration relationship between exchange rates and monetary fundamentals. Furthermore, we demonstrate that deviations between the exchange rate and fundamentals from the time-varying cointegration relation have strong predictive power for future changes in exchange rates through in-sample analysis, out-of-sample analysis, and directional accuracy tests.
Introduction
Although the exchange rate shows simply the rate at which one country's currency trades for another country's currency, its movements have been a long-standing enigma to economists. Many theoretical models such as Dornbusch (1976) have been developed, but their empirical validity in predicting exchange rates has been known to be quite limited (Meese and Rogoff (1983) ). Unlike Meese and Rogoff (1983) , Mark (1995) and Chinn and Meese (1995) reported evidence that the current deviation of the exchange rate from fundamentals of the monetary model has predictive power for future changes in the exchange rate. After making corrections in the statistical methodology and extending the sample periods, however, Kilian (1999) and Berkowitz and Gorgianni (2001) demonstrated that the results in Mark (1995) or Chinn and Meese (1995) were not robust, which implies that the result from Meese and Rogoff (1983) still holds (Rogoff (2009) ).
Although economists have not yet reached a consensus on the economic model to
understand movements of the exchange rate, we attempt a monetary model with timevarying cointegration coefficients to explain movements of the exchange rate. Previous studies (e.g. Mark (1995) , Kilian (1999) , etc.) imposed restrictions on coefficients in the money demand function, purchasing power parity relation (PPP), interest rate parity relation, and others to derive a cointegration relation between the exchange rate and fundamentals from the monetary model. However, Kilian (1999) showed that it is difficult to overcome the random walk model in forecasting the exchange rate based on this restricted monetary model. The failure of the monetary model with constant cointegration coefficients might be due to the limit in regards to the monetary model. But those firm restrictions on the coefficients might also be responsible for the failure of the monetary model rather than the nature of the model.
There are reasons why those cointegration coefficients might vary over time.
Various studies have found that underlying functions and relations of the monetary model have parameter instabilities. Bierens and Martin (2010) showed that there exists a timevarying cointegration relation among variables for the PPP hypothesis. Stock and Watson (1993) demonstrated that the money demand function has unstable coefficients, if postwar data are used in the estimation. Mulligan and Sala-i-Martin (2000) provided evidence that the money-demand interest rate elasticity differs, depending on the level of the interest rate. Clarida et al. (2000) found that there were different regimes in which monetary policy was conducted. Applying the time-varying parameter model, Kim and Nelson (2006) also showed that monetary policy rules have been different throughout the 1960s, the 1970s, the 1980s, and the 1990s.
2 Furthermore, Wilson (1979) argued that the dynamics of the exchange rate differs depending on whether those changes in the policy were anticipated or not. The adjustments of misaligned currencies among countries, such as Plaza communiqué or Louvre Accord in the second half of the 1980s, must have also affected movements of the exchange rate (Eichengreen (2008) ). provided a theoretical model in which reduced form relationship between exchange rates and fundamentals can be varied by the changes in the expectation of parameters even though current structural parameters have not changed. Finally, Cheung and Chinn (2001) found from a survey of US foreign exchange traders that the importance, which foreign exchange traders attach to macroeconomic fundamentals in order to understand movements of exchange rates, shifts over time.
If the underlying parameters in the monetary model are varying over time, the economic environment is gradually changing and the importance rankings of macro variables in traders' mind change over time as previously mentioned, it might be too strong 2 Many of these studies focus on the US. However, the counterparts of the US could be subject to the same problems.
to restrict coefficients in the monetary model. Furthermore, Bacchetta and van Wincoop (2011) demonstrate that if the underlying parameters in the model are constant but unknown, the relationship between exchange rates and macro fundamentals can vary over time. Hence, instead of imposing constant coefficients in the relation between exchange rates and macro fundamentals, we examine whether the exchange rates can be explained by the monetary model in which cointegration coefficients are varying.
Our motivation to use a time-varying econometric model is close to those in Wolff (1987) and Schinasi and Swamy (1989) . Wolff (1987) employed the Kalman filtering approach to capture time-varying relation between the exchange rate and fundamentals under the assumptions of the random walk coefficients and known covariance matrices.
However, nice asymptotic properties of the Kalman filtering approach can be obtained when observable variables (the exchange rate and fundamentals in Wolff (1987) ) and state variables (time-varying coefficients in Wolff (1987) ) are stationary (see Hamilton (1994) ).
Also, the results of the Kalman filtering approach could be sensitive to the assumption on the dynamic behavior of the state variables. Furthermore, the fact that fundamental variables are endogenous can make coefficient estimates have biases as admitted in Wolff (1987) . Schinasi and Swamy (1989) applied a GLS approach to estimate time-varying coefficients under assumptions on structures of covariance matrices which are required for computations but are not justified theoretically. Facing these limits in previous studies, we employ the time-varying cointegration approach which considers explicitly the nonstationarity and endogeneity 3 in the exchange rate and fundamental variables and puts no special priori assumptions on variances of error terms. Moreover, our approach enables us to obtain consistent estimates for the time-varying coefficients under the condition that 3 Our methodology, the canonical cointegrating regression model, enables us to obtain unbiased estimators without weak exogeneity assumption for fundamental variables.
time-varying coefficients evolve smoothly.
Our study is also related with recent empirical studies such as Sarno et al. (2004) employing the nonlinear Markov-switching (MS) model and Kilian and Taylor (2003) employing the exponential smooth transition autoregressive (ESTAR) model in the sense that we have abandoned the simple linear approach. But, our approach is different in that we do not assume a fixed number of regimes or a specific nonlinear functional form a priori. We estimate time-varying cointegration coefficients nonparametrically using series functions, which is proposed by Park and Hahn (1999) in order to avoid the misspecification problem due to parameter instability or a particular functional form a priori. Also, our study is similar to Beckmann et al. (2009) in the sense that the relationship between the exchange rate and monetary fundamental is not permanently fixed, but different in the sense that we consider gradual and smooth changes in the relationship while Beckmann et al. (2009) considered discrete structural breaks in the relationship.
After obtaining the time-varying cointegration coefficients, we further show that deviations from the time-varying long-run relation between the exchange rate and monetary fundamentals have predictive power for future changes in the exchange rates through in-sample, out-of-sample analyses and directional accuracy tests.
The remainder of the paper is organized as follows. Section 2 contains an assessment of the monetary model with constant and known coefficients examined in previous studies. In Section 3, we provide a brief theoretical discussion, our econometric methodology and statistical evidence for the monetary model with time-varying cointegration coefficients. 4 Section 4 presents that deviations from the time-varying longrun relation between the exchange rate and monetary fundamentals have predictive power for future changes in the exchange rates. Finally, concluding remarks are contained in Section 5.
Monetary Model with Constant and Known Coefficients
Consider a two-country model which can be described by the standard four equations: are used for the measure of real income. Data for the money supply and real income are seasonally adjusted. All variables are constructed by the log transformation of these data, as in previous studies. Finally, the unit root null hypothesis cannot be rejected for exchange rates, relative money supply, and relative income at the 5% level with the 6 In fact, a survey by Froot and Thaler (1990) reported that the average estimates for from 75 published studies is -0.88. Chinn and Meredith (2004) proposed a model which augments a monetary reaction function to UIP relationship to understand the UIP anomalies. 7 The version of IFS CD-ROM is April 2011. 8 Empirical results are qualitatively similar even if M1 is used for Canada and Japan. However, money plus quasi-money is conceptually closer to M2 than M1. exception of the UK exchange rate. In addition, the unit root null can be rejected for all of these variables in their first differences at the 5% level. As a result, we assume that exchange rates, relative money supply, and relative income are I(1) variables as in the literature. 
Assessment of the Monetary Model with Constant Coefficients
First, we investigate whether deviations from the fundamental ( ) are stationary as assumed in the standard monetary model. That is, we conduct the ADF test for . Hence, the following regression is run:
where the lag order is determined by the Akaike Information Criterion (AIC). As shown in Table 1 , the unit root null hypothesis for cannot be rejected in any country considered in this paper. These results suggest that the stable long-run relationship between the exchange rate and the macro fundamentals based on 1, 1, 1 cointegration vector, which is the restriction under the standard monetary model, does not exist.
Next, we examine whether any other constant cointegration relationship exists between , , and rather than 1, 1, 1 cointegration vector. For this purpose, the test in Engle and Granger (1987) is conducted. For the Engle and Granger test, the cointegration coefficient is estimated by the OLS in the first step, and then the ADF test is conducted for the residuals from the first step. As presented in Table 2 , the estimated cointegration coefficients are different from 1, 1, 1 in all countries considered. Furthermore, Engle and Granger's residual-based test results suggest that no cointegration relationship exists for any exchange rate studied in this paper at the 5% level. 9 The results of the ADF tests for these variables are provided in Appendix 1.
That is, even after allowing for the constant cointegration relationship other than [1, 1, 1 , the null hypothesis of no cointegration cannot be rejected at the 5% level in Table 2 . In addition to the Engle and Granger test, the procedure proposed by Johansen (1988) and Johansen and Juselius (1990) is applied to detect the constant cointegrating relation between exchange rates and macro fundamentals. Based on the trace statistics and maximum eigenvalue statistics, the existence of the cointegration vectors is tested, and the number of cointegration vectors can be determined under this procedure. However, we cannot find a country where the null hypothesis of no cointegration is rejected by both statistics (trace statistics and maximum eigenvalue statistics) at the 5% level, as shown in Table 3 .
In summary, Table 1 demonstrates that , , and are not cointegrated with 1, 1, 1 . Furthermore, tables 2 and 3 together imply that no other constant cointegration relationship between , , and exists. These results are consistent with previous studies such as Engel and West (2005) , and suggest that the constant cointegration assumption is unrealistic. We view that the unrealistically strong assumption on the relationship between , , and might be a reason for the poor performance of the standard monetary model in explaining movements of the exchange rate and for no existence of cointegration as well. Hence, we would like to examine the plausibility of the monetary model by allowing the cointegration relationship between , , and to vary over time.
Monetary Model with Time-varying Coefficients

Theoretical Discussion
Based on the results in the previous section, which illustrate that the restriction of the (2008)). The dynamics of the exchange rate may differ depending on whether policy changes are expected or not (Wilson (1979) ). The ranking of important macro variables in foreign exchange traders' mind shifts over time (Cheung and Chinn (2001) ). In addition, even if parameters are constant, Bacchetta and van Wincoop (2011) demonstrate that the cointegration coefficients are varying over time when these parameters are unknown and investors cannot separate fundamentals from unobservable components such as risk premium or velocity shocks. These findings suggest that it seems too strong to assume constant cointegration relationship between , , and
. In order to incorporate the above results in various studies, we consider the following time-varying version of the standard model:
We allow , , , and to vary over time. Then, under the assumptions in the previous section, it is straightforward to derive the following time-varying regression equation: van Wincoop (2009, 2011) show that can fluctuate at higher frequency even though parameters are constant or very slowly changing. Furthermore, the sign of can switch due to the scapegoat effect.
We think that both parameter instabilities and the scapegoat effect can be a reason 
Econometric Methodology
Given the evidence of the rejection for the constant cointegration relation, we apply the methodology proposed by Park and Hahn (1999) 11 Regarding how to choose and , econometric theories do not provide any guide yet. However, the misspecification tests in Park and Hahn (1999) are not sensitive to the choice of and .
Assessment of the Monetary Model with Time-Varying Coefficients
To find out the adequacy of the time-varying cointegration relationship between , , and , model specification tests proposed by Park and Hahn (1999) are conducted. Two test statistics, employed to test the null of constant cointegration parameters against the alternative of time-varying cointegration parameters, are and ∑ ∑
. is the sum of squared residuals from the restricted cointegration vector 1, 1, 1 or from the CCR transformed regression with constant coefficients. We examine both cases in Table 4 . is the sum of squared residuals from the CCR transformed regression augmented with superfluous regressors.
We include time polynomials , , , , and as superfluous regressors. is the long-run variance estimate of transformed errors in Equation (13) and is the fitted residuals of the transformed regression with constant coefficients. In order to estimate , the Bartlett kernel is used with the lag truncation value selected by the method in Andrews (1991) . Test results are presented in the first three rows of Table 4 . The null hypothesis that 1, 1, 1 is the cointegration vector between , , and or that another constant cointegration relationship exists between these variables is rejected unanimously in all cases considered. We also test the null of constant cointegration parameters against the alternative of time-varying cointegration employing the Lagrange ratio test developed by Bierens and Martin (2010) . The fourth row in Table 4 shows that the null of constant cointegration is strongly rejected again. Thus, null hypotheses of constant cointegration are greatly rejected in favor of the time-varying cointegration relationship between these variables in all countries, regardless of test methods considered.
12 12 The results shown in the fourth row of Table 4 , is much lower than the 5% critical value (11.07) for all countries considered in this paper. Therefore, we conclude that our results in Table 4 ) and (the time-varying coefficient for ) in Equation (11), respectively along with 95% confidence bands. In all cases, the estimated cointegration parameters are far from being constant. Moreover, some estimated coefficients ( for the UK and for Canada, Japan, and Switzerland) show smooth U-shaped or hump-shaped patterns, which might reflect gradual shifts in structural parameters. However, others show some fluctuations which might be related with the changes in expectations of parameters reflecting the scapegoat effect. According to the pattern of estimated cointegration coefficients, both (gradual shifts in structural parameters and the scapegoat effect) seem to polynomials is 3 and the lag order is 8. However, the results are not sensitive to the choice of these numbers. Table 4 .
Monetary Model with Time-Varying Coefficients and the Predictability of Exchange Rate
In-Sample Analysis of Exchange Rate Predictability
Section 3 demonstrates that the cointegration relation between , , and varies over time, which implies that the long-run equilibrium relation is varying over time. The time-varying long-run equilibrium relation might be due to unstable parameters in the PPP relation or in the money demand function, changing monetary policies among countries, adjustments of misaligned exchange rates by negotiations among countries, gradual shifts in traders' view, and the scapegoat effect. Then, the model based on monetary fundamentals could imply that current deviations from the (gradually timevarying) long-run equilibrium value of the exchange rate are expected to be useful in predicting future changes of the exchange rate. We check this possibility in Section 4. Thus, we run the following predictive regressions for various horizons:
,
where . As the exchange rate is expected to move toward the long-run equilibrium over time, should be negative. Considering possible heteroskedasticity and serial correlations in , , we employ the Hodrick standard errors in conducting T-tests on . 13 We compare the performance of the timevarying coefficient model with that of the constant coefficient model by replacing with . Table 5 reports the estimated slope coefficient ( ) along with its t-test statistics for various horizons with the full sample. All estimated coefficients from the time-varying cointegration model in Table 5 are negative and significantly different from zero, which is consistent with the model based on monetary fundamentals. That is, when the current exchange rate is higher than the fundamentals, the exchange rate tends to fall. Unlike the time-varying cointegration model, however, insignificant slope coefficients are found for many cases under the constant coefficient regression model.
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Since the slope coefficient of becomes larger than the unity from the fourquarter horizon for Canada, the eight-quarter horizon for Japan and Switzerland, and the 12-quarter horizon for the UK, exchange rates are likely to move as much as cointegrating errors within these periods of time in the countries. These speeds of adjustment are consistent with the persistence of , measured by AR(1) coefficients. AR (1) coefficients for are 0.68, 0.73, 0.74, and 0.82 for Canada, Japan, Switzerland, and the UK, respectively. Hence, it takes longer time for the exchange rate to adjust to the long-run equilibrium level as becomes more persistent. 
Out-of-Sample Analysis of Exchange Rate Predictability
13 Ang and Bekaert (2007) demonstrate that the Hodrick standard errors perform better than the Newey-West standard errors in the long-horizon predictive regression.
14 Critical values for time-invariant model are actually larger than those for time-varying model in absolute values since the exchange rates and fundamentals are not cointegrated under the assumption of constant relationship. According to Berkowitz and Giorgianni (2001) , both the estimate of β and the distribution of the t-statistics are skewed to the left when the error correction terms are not stationary. 15 Further investigation for the different AR(1) coefficients for are beyond the purpose of this study. The differences may result from different structural parameters, legal and cultural difference, differences of monetary authority's preference, etc.
In order to see whether the presence of strong in-sample prediction performance leads to significant out-of-sample prediction performance, we compare the out-of-sample performances of the predictive regressions that employ relative to those of the random walk without drift model as well as those from the predictive regression with . The random walk without drift model has been the benchmark to evaluate the out-of-sample performance of exchange rate models in many studies since Messe and Rogoff (1983) . The out-of-sample analysis with is conducted as follows. First, the cointegrating errors are constructed based on time-varying cointegrating coefficients estimated in regression equation (11) repeat these steps to predict , after adding the observations of the exchange rate and fundamental data at 1 and removing the oldest observations to keep the window size fixed. The initial forecasting point starts from the second quarter of 1991, which is the middle point of our sample.
We compare the out-of-sample performance of the predictive regression with against that of a random walk model or that of the predictive regression with by employing the Clark and West (2007) test statistic. The null hypothesis is that two competing forecasting models have an equal mean squared prediction error. Table 6 reports the test results. We construct the Clark-West test statistic so that it has a significantly positive sign if the regression model with as a regressor exhibits superior predictive power in relation to the random walk model or to the time-invariant model.
The upper panel of Table 6 shows that the Clark-West statistics against the random walk model are significant at the 10% level or above at the eight-quarter horizon for Canada, at the one-quarter horizon for Japan, at the four-quarter through the eight-quarter horizons for Switzerland, and the 16-quarter horizon for the UK. The timings of the significant Clark-West statistics generally coincide with the persistence of in Figure   3 with the exception of Canada, which suggests that the timing of the significant ClarkWest statistics is related with the speed of adjustment toward the long-run equilibrium.
While the slope coefficients of in the predictive regression are significant for all horizons in all countries in the in-sample analysis, the significant predictive power is not unanimous but appears to depend on horizons (or the speed of adjustment) in the out-ofsample analysis. This deterioration of the performance seems to be related with the loss of power resulting from shorter sample size for the estimation in the out-of-sample analysis, as emphasized by Inoue and Kilian (2004) and Bacchetta et al. (2010) .
The lower panel of Table 6 compares the out-of-sample performance of the timevarying cointegration model and that of the time-invariant model. As shown in the lower panel of Table 6 , the time-varying cointegration model significantly outperforms the timeinvariant model in most cases, even if the out-of-sample performance from both models is measured by rolling regressions with the same sample size. The reason for this result is that the estimation error from the time-varying cointegration model includes the small sample errors, whereas the estimation error from the time-invariant model includes not only the small sample errors but also misspecification errors under the unstable cointegration relation between the exchange rate and fundamentals. In order to assess this reasoning further, we simulate 1,000 series of the exchange rates using the estimated timevarying cointegration parameters and estimated time-varying cointegration residuals.
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Then, we compare the mean squared forecast errors from the time-varying cointegration 16 A detailed description of the simulation is provided in Appendix 2.
model and the time-invariant model. Table 7 presents the ratio of mean squared forecast errors, defined as the mean squared forecast errors from the time-varying cointegration model divided by that from the time-invariant model, and shows that this ratio is below one at all horizons except for the one-quarter horizon. Moreover, the ratio tends to decrease as the horizon increases. These results suggest the importance of correct and flexible specification when cointegration coefficients are varying over time. Simple linear rolling regression has misspecification problem and results in worse performance in forecasting changes in the exchange rate than the time-varying rolling regression.
Directional Accuracy Test
In addition to the standard evaluation of forecast performance in previous sub-sections, we consider the directional accuracy test in Cheung et al. (2005) to examine whether the model based on monetary fundamentals with a time-varying cointegration relation has good ability in predicting the direction of changes in the exchange rates. The result of the directional accuracy test may be utilized in forming an appropriate trading strategy to improve economic profits, as argued in Cheung et al. (2005) . Hence, we compute the proportion of forecasts that correctly predict directional changes in the exchange rate based on the monetary model with time-varying cointegration coefficients. This proportion is reported in Table 8 along with the p-values for the hypothesis that the reported proportion is significantly larger or lower than 0.5. 17 As shown in Table 8 , the probability of correct signs under the monetary model with a time-varying cointegration relation is well above 0.5 for at least one case in all countries considered. More specifically, the test statistics are significant at the eight-quarter through the 12-quarter horizons for Canada, at the fourquarter horizon for Japan, at the eight-quarter through the 16-quarter horizons for Switzerland, and at the eight-quarter and the 16-quarter horizons in the UK. These results suggest that the time-varying monetary model has notable ability in predicting the direction of changes in the exchange rates at intermediate horizons. Interestingly, the timings that significant test statistics are obtained from the directional accuracy tests roughly coincide with those from the out-of-sample analyses in the previous sub-section.
Conclusion
Many studies Park and Hahn (1999) or Shin (1994) , are 11.07, 0.22, and 11.07, respectively. . Based on the first equation, we first estimate time-varying parameters , , and then with data up to time . Next, we estimate the second equation via the OLS method using the estimated . Finally, we make a forecast of with the use of estimated and the estimates of and . Next, we repeat these steps to predict , after adding the observations of the exchange rate and fundamentals at 1 and removing the oldest observations to keep the window size fixed. The initial forecasting point starts from the second quarter of 1991, which is the middle point of our sample. The Clark-West test statistics (Clark and West (2007) ) are used to compare forecast ability. A significant positive value of the Clark-West test statistics indicates that the second model (the predictive regression with ) is superior to the first model (the random walk model without drift or the predictive regression with ) in predictive ability. Numbers in parenthesis are p-values. '*', '**', and '***' denote the significance level at the 10%, 5%, and 1% level for a one-tail test, respectively. Note: 'Proportion' denotes the proportion of forecasts that predict correctly directional changes in the exchange rate based on the monetary model with time-varying cointegration coefficients. Numbers in parentheses are p-values for the null hypothesis that the proportion is significantly different from 1/2.
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'*', '**', and '***' denote the significance level at the 10%, 5%, and 1% level, respectively. 
